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(57) ABSTRACT

A paper feeder includes: a cassette including a sheet con-
tainer; a sheet conveyance path along which a sheet is con-
veyed in a sheet conveyance direction extending along a
direction of loading/unloading of the cassette into/from an
apparatus body; a paper feed roller configured to convey the
sheet in the sheet conveyance direction; an opposed member,
opposite to the paper feed roller, forming together with the
paper feed roller a paper feed nip where the sheet enters; and
a restricting member configured to, in a first state where the
cassette is unloaded, close off a portion of the sheet convey-
ance path upstream of the paper feed nip in the sheet convey-
ance direction to restrict the sheet in the sheet container from
entering the paper feed nip and, in a second state where the
cassette is loaded and the paper feed roller is ready to convey
the sheet, open the sheet conveyance path.
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1
PAPER FEEDER AND IMAGE FORMING
APPARATUS WITH THE SAME

INCORPORATION BY REFERENCE

This application claims priority to Japanese Patent Appli-
cation No. 2012-259585 filed on Nov. 28, 2012, the entire
contents of which are incorporated by reference herein.

BACKGROUND

The present disclosure relates to a paper feeder configured
to feed sheets and an image forming apparatus with the paper
feeder.

As an example of a paper feeder operable to feed sheets, a
paper feeder fitted in an image forming apparatus is known.
The paper feeder is composed of a sheet cassette capable of
being loaded into and unloaded from an apparatus body of the
image forming apparatus, a pick-up roller, a paper feed roller,
and a retard roller. The pick-up roller, the paper feed roller,
and the retard roller are mounted to the apparatus body. The
sheet cassette can contain sheets. When a lift plate mounted
on the sheet cassette moves up, the uppermost of the sheets in
the sheet cassette is pressed against the pick-up roller. Then,
the pick-up roller is rotated, so that the sheet is fed in a sheet
conveyance direction.

The sheet fed forward by the pick-up roller is introduced
into a paper feed nip formed by the paper feed roller and the
retard roller. With the rotation of the paper feed roller, the
sheet is further conveyed downstream in the sheet conveyance
direction.

When the sheet cassette is inserted hard into the apparatus
body with sheets stacked in the sheet cassette, some of the
sheets may enter the paper feed nip. In addition to this, if the
sheet cassette is pulled out of the apparatus body with some
sheets entering the nip in the apparatus body (in the event of
multifeed failure), the sheets will be stuck in the apparatus
body.

As a solution to the above problem, there is known a
technique in which the movement of sheets in the apparatus
body is restricted by an interlocking mechanism disposed
across the sheet cassette and the apparatus body.

SUMMARY

A technique further modified from the above known tech-
nique is proposed as an aspect of the present disclosure.

A paper feeder according to an aspect of the present dis-
closure includes a cassette, a sheet conveyance path, a paper
feed roller, an opposed member, and a restricting member.

The cassette is capable of being loaded into and unloaded
from an apparatus body in a predetermined direction and is
provided internally with a sheet container in which sheets are
to be contained.

The sheet conveyance path is extended from the sheet
container and the sheet is to be conveyed along the sheet
conveyance path in a sheet conveyance direction which
extends along a direction of loading and unloading of the
cassette.

The paper feed roller is mounted to the cassette at an
entrance of the sheet conveyance path and configured to con-
vey the sheet in the sheet conveyance direction.

The opposed member is disposed opposite to the paper
feed roller and forms, together with the paper feed roller, a
paper feed nip where the sheet enters.

The restricting member is configured to, in a first state
where the cassette is unloaded from the apparatus body, close
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2

off a portion of the sheet conveyance path upstream of the
paper feed nip in the sheet conveyance direction to restrict the
sheet in the sheet container from entering the paper feed nip
and, in a second state where the cassette is loaded in the
apparatus body and the paper feed roller is ready to convey the
sheet, open the sheet conveyance path to allow the sheet enter
the paper nip.

An image forming apparatus according to another aspect of
the present disclosure includes the aforementioned paper
feeder, an apparatus body, and an image forming section.

The apparatus body is capable of loading of the cassette
therein.

The image forming section is disposed in the apparatus
body and configured to form an image on the sheet conveyed
by the paper feed roller.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically showing an
internal structure of an image forming apparatus according to
an embodiment of the present disclosure.

FIG. 2 is a perspective view of a cassette according to the
above embodiment of the present disclosure.

FIG. 3 is an enlarged perspective view of the cassette
according to the above embodiment of the present disclosure.

FIG. 4 is an enlarged perspective view of a paper feed nip
N and the neighboring part of the cassette according to the
above embodiment of the present disclosure.

FIG. 5 is another perspective view of the cassette according
to the above embodiment of the present disclosure.

FIG. 6 is another enlarged perspective view of the cassette
according to the above embodiment of the present disclosure.

FIG. 7 is another enlarged perspective view of the paper
feed nip N and the neighboring part of the cassette according
to the above embodiment of the present disclosure.

FIG. 8 is an enlarged cross-sectional view of the cassette
according to the above embodiment of the present disclosure.

DETAILED DESCRIPTION

Hereinafter, a detailed description will be given of an
embodiment of the present disclosure with reference to the
drawings. FIG. 1 is a sectional side view showing the internal
structure of an image forming apparatus 1 according to an
embodiment of the present disclosure. Here, a black and
white printer is exemplified as the image forming apparatus 1.
However, the image forming apparatus may be a copier, a
facsimile machine, a multifunction peripheral having these
functions or an image forming apparatus capable of forming
color images.

The image forming apparatus 1 includes a body housing 10
(apparatus body) having an approximately cuboid housing
structure and further includes an image forming section 30, a
fixing section 40, a toner container 80, and a paper feed
section 20 all of which are housed in the body housing 10.

The body housing 10 includes a front cover 11 on the front
side and a rear cover 12 on the rear side. When the front cover
11 is opened, the toner container 80 is exposed on the front
side. Thus, the user can take out the toner container 80 from
the front side of the body housing 10 when the toner container
80 is out of toner. The rear cover 12 is a cover that can be
opened in the event of a sheet jam and during maintenance.
Each of the image forming section 30 and the fixing section
40 can be taken out as a unit from the rear side of the body
housing 10 by opening the rear cover 12. Various devices for
use in performing image formation are disposed in the inte-
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rior space 108 defined by the front cover 11, the rear cover 12,
and a paper output section 13.

The image forming section 30 performs an image forming
process for forming a toner image on a sheet forwarded from
the paper feed section 20. The image forming section 30
includes a photosensitive drum 31 and further includes a
charging device 32, an exposure device (not seen in FIG. 1),
a developing device 33, a transfer roller 34, and a cleaning
device 35 all of which are disposed around the photosensitive
drum 31.

The photosensitive drum 31 has a rotation axis and
includes a cylindrical surface rotatable about the rotation
axis. An electrostatic latent image can be formed on the
cylindrical surface and a toner image corresponding to the
electrostatic latent image can be carried on the cylindrical
surface. An example of the photosensitive drum 31 that can be
used is a photosensitive drum in which an amorphous silicon
(a-Si) based material is used as a photosensitive material.

The charging device 32 is configured to uniformly charge
the surface of the photosensitive drum 31 and includes a
charging roller held in contact with the photosensitive drum
31.

The cleaning device 35 includes an unshown cleaning
blade, cleans toner left behind on the peripheral surface of the
photosensitive drum 31 having undergone the transfer of a
toner image, and conveys the toner to an unshown recovery
device.

The exposure device includes a laser light source and opti-
cal components, such as a mirror and a lens, and is configured
to irradiate the peripheral surface of the photosensitive drum
31 with light modulated based on image data given by an
external device, such as a personal computer, to form an
electrostatic latent image. The developing device 33 supplies
toner to the peripheral surface of the photosensitive drum 31
in order to develop the electrostatic latent image on the pho-
tosensitive drum 31 to form a toner image. The developing
device 33 includes: a developing roller 331 capable of carry-
ing toner to be supplied to the photosensitive drum 31; and
first and second conveying screws 332, 333 configured to
circulate and convey a developer while stirring the developer
inside an unshown development housing.

The transfer roller 34 is a roller configured to transfer a
toner image formed on the peripheral surface of the photo-
sensitive drum 31 to a sheet. The transfer roller 34 is held in
contact with the cylindrical surface of the photosensitive
drum 31 to form a transfer nip. The transfer roller 34 is
configured to be given a transfer bias of reverse polarity to the
toner.

The fixing section 40 performs a fixing process for fixing
the transferred toner image on the sheet. The fixing section 40
includes: a fixing roller 41 provided internally with a heat
source; and a pressure roller 42 pressed against the fixing
roller 41 and forming a fixing nip with the fixing roller 41.
When the sheet S having the toner image transferred thereto is
passed through the fixing nip, the toner image is fixed on the
sheet S by heating from the fixing roller 41 and pressing from
the pressure roller 42.

The toner container 80 is configured to store supply toner to
be supplied to the developing device 33. The toner container
80 includes: a container body 81 serving as a main reservoir
for supply toner; a tubular part 82 extending from a lower
portion of a side surface of the container body 81; a lid
member 83 covering another side surface of the container
body 81; and a rotary member 84 built in the container 80 and
operable to convey toner. When the rotary member 84 is
driven into rotation, the supply toner stored in the toner con-
tainer 80 is supplied into the developing device 33 through a
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toner outlet 821 provided in the bottom surface of the distal
end of the tubular part 82. A container top 80H covering the
toner container 80 from above is located below the paper
output section 13.

The paper feed section 20 includes a cassette 110 capable
of containing sheets S to be subjected to an image forming
process. The cassette 110 includes a sheet container 110S in
which a stack of sheets S can be contained, a lift plate 111
configured to lift up the stack of sheets S for the purpose of
paper feed, and so on. Furthermore, a pick-up roller 112 and
a paper feed roller 113 are mounted to the rear end of the
cassette 110 for the purpose of conveyance of the sheet S. The
sheet S is conveyed along a sheet conveyance path P extended
from the cassette 110 and then introduced to an after-men-
tioned main conveyance path 22F extended in the interior of
the body housing 10. The cassette 10 will be described in
detail later.

The body housing 10 is provided internally with a main
conveyance path 22F and a reverse conveyance path 22B in
order to convey the sheet S. The main conveyance path 22F
extends from the sheet conveyance path P of the paper feed
section 20 via the image forming section 30 and the fixing
section 40 to a paper output port 14 provided facing the paper
output section 13 located at the top surface of the body hous-
ing 10. The reverse conveyance path 22B is a conveyance path
foruseto return the sheet S one side of which has already been
subjected to printing to a position of the main conveyance
path 22F upstream of the image forming section 30.

The main conveyance path 22F is extended to pass up from
below through the transfer nip formed between the photosen-
sitive drum 31 and the transfer roller 34. Furthermore, a
registration roller pair 23 is disposed in the main conveyance
path 22F upstream of the transfer nip. The sheet S is once
stopped between the registration roller pair 23 to correct any
skew and then forwarded therefrom to the transfer nip with a
predetermined timing for image transfer. A plurality of con-
veyance rollers configured to convey the sheet S are disposed
at various points of the main conveyance path 22F and reverse
conveyance path 22B. For example, a paper output roller pair
24 as the conveyance rollers is disposed near the paper output
port 14.

The reverse conveyance path 22B is formed between the
outside surface of a reversing unit 25 and the inside surface of
the rear cover 12 of the body housing 10. The transfer roller 34
and one roller of the registration roller pair 23 are mounted on
the inside surface of the reversing unit 25. The rear cover 12
and the reversing unit 25 can be independently pivotally
moved about the axis of a fulcrum member 121 provided at
their lower ends. In the event of a sheet jam in the reverse
conveyance path 22B, the rear cover 12 is opened. In the event
of'a sheet jam in the main conveyance path 22F or in the case
of removal of any unit of the photosensitive drum 31 or the
developing device 33 to the outside, not only the rear cover 12
but also the reversing unit 25 are opened.

Next, a detailed description will be given of the paper feed
section 20 (paper feeder) according to this embodiment with
reference to FIGS. 2 to 7. The paper feed section 20 includes
the cassette 110 as described previously. FIGS. 2 and 5 are
perspective views of the cassette 110 and FIGS. 3 and 6 are
enlarged perspective views of part of the cassette 110. FIGS.
4 and 7 are enlarged perspective views of a paper feed nip N
and the neighboring part of the cassette 110. FIGS. 2 to 4
correspond to a state of the cassette 110 pulled out ofthe body
housing 10 (hereinafter, also referred to as a first state), while
FIGS. 5 to 7 correspond to a state of the cassette 110 loaded
in the body housing 10 and having the lift plate 111 moved up,
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in other words, a state of the cassette 110 in which the paper
feed roller 113 is ready to convey a sheet S (hereinafter, also
referred to as a second state).

The cassette 110 is capable of being loaded into and
unloaded from the body housing 10 (apparatus body). In this
embodiment, the cassette 110 is loaded in a direction of the
arrow DC shown in FIGS. 1 and 2 (a loading direction). The
cassette 110 is provided internally with a sheet container
1108 in which a stack of sheets S can be contained. The sheets
S contained in the sheet container 110S are conveyed along
the sheet conveyance path P. The sheet conveyance path P is
a conveyance path which is extended from the sheet container
110S and along which a sheet S can be conveyed in the sheet
conveyance direction (a direction of the arrow DS in FIG. 2)
extending along the above-mentioned loading direction. The
cassette 110 is in the shape of a box in which walls rise up
from the front, rear, right, and left sides of the bottom surface.
The front side of the cassette 110 is defined by a cassette front
end portion 110A and the rear side of the cassette 110 is
defined by a cassette rear end portion 110C (see FIG. 4). The
cassette front end portion 110A is provided with a cassette
grip 110B formed by upwardly cutting away part of the lower
edge of'the cassette front end portion 110A. The user can load
the cassette 110 into the body housing 10 while holding the
cassette grip 110B. Furthermore, the user can unload (pull
out) the cassette 110 from the body housing 10 while holding
the cassette grip 110B.

The cassette 110 includes a lift plate 111, a pick-up roller
112, a paper feed roller 113, and a retard roller 117.

The lift plate 111 is disposed on the bottom part of the
cassette 110 so as to be movable up and down. When the lift
plate 111 is moved up, it moves an end of the stack of sheets
S in the sheet container 110S, located downstream in the sheet
conveyance direction, toward the paper feed roller 113. More
specifically, when the lift plate 111 is move up, the down-
stream end of the stack of the sheets S in the sheet conveyance
direction is pressed against the pick-up roller 112. The lift
plate 111 can be moved up and down by a drive motor 70 to be
described later.

The pick-up roller 112 is disposed above the rear end of the
sheet container 1108 (the downstream end thereof in the sheet
conveyance direction). The pick-up roller 112 is disposed in
the middle of the cassette 110 in a widthwise direction of the
sheet (the right-and-left direction) intersecting with the load-
ing direction of the cassette 110 (the front-to-rear direction).
As described previously, when the lift plate 111 is move up,
the downstream end of the stack of sheets S in the sheet
conveyance direction is pressed against the pick-up roller
112. Then, when the pick-up roller 112 is rotated by an
unshown drive device, the sheet S of the stack is conveyed
downstream in the sheet conveyance direction.

The paper feed roller 113 is disposed downstream of the
pick-up roller 112 in the sheet conveyance direction. The
paper feed roller 113 is rotatably journaled on a paper feed
roller shaft 113A. As shown in FIG. 2, the paper feed roller
shaft 113 A is a shaft located above the rear end of the cassette
110 and extended in the right-and-left direction. The paper
feed roller shaft 113 A is supported to a pair of first support
walls 110D rising from right and left ends of the cassette 110.
The paper feed roller 113 is disposed at the entrance of the
sheet conveyance path P. When the paper feed roller 113 is
driven into rotation by an unshown drive device, it conveys
the sheet S forwarded by the pick-up roller 112 further down-
stream in the sheet conveyance direction. As just described,
the cassette 110 integrally supports the paper feed roller 113,
which s also akey feature of the cassette 110 according to this
embodiment.
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The retard roller 117 (opposed member, see FIG. 4) is
disposed below and opposite to the paper feed roller 113. The
retard roller 117 forms, together with the paper feed roller
113, the paper feed nip N where the sheet S enters and passes.
The aforementioned sheet conveyance path P is extended
from the sheet container 1105 of the cassette 110 to pass
through the paper feed nip N. The retard roller 117 is rotatably
journaled on a retard roller shaft 117A. The retard roller shaft
117A is supported to a pair of second support walls 110E
provided on the cassette rear end portion 110C of the cassette
110. The retard roller 117 can be rotated following the rota-
tion of the paper feed roller 113. When a plurality of sheets S
enter the paper feed nip N, only the uppermost sheet S is
conveyed downstream in the sheet conveyance direction by
the paper feed roller 113. The other sheets S engage on the
peripheral surface ofthe retard roller 117 and are thus stopped
at the paper feed nip N.

The cassette 110 further includes a restricting member 5
and an interlocking unit 6. Furthermore, the body housing 10
is provided with a drive motor 70 (drive device) facing the
cassette 110.

The restricting member 5 is disposed to the right of the
paper feed roller 113. In the first state where the cassette 110
is unloaded from the body housing 10, the restricting member
5 closes off a portion of the sheet conveyance path P upstream
of the paper feed nip N in the sheet conveyance direction.
Thus, the restricting member 5 restricts the sheets S contained
in the cassette 110 from entering the paper feed nip N. On the
other hand, in the second state where the cassette 110 is
loaded in the body housing 10 and the paper feed roller 113 is
ready to convey the sheet S, the restricting member 5 opens
the sheet conveyance path P. The restricting member 5
includes a restricting plate 51 (first member) and a restricting
roller 52 (second member).

The restricting plate 51 is disposed above the sheet con-
veyance path P. The restricting plate 51 is located between the
paper feed roller shaft 113 A and the retard roller shaft 117A.
A restricting plate distal end 51B located at the rear end of the
restricting plate 51 is movable up and down about a restricting
plate base end 51A located at the front end of the restricting
plate 51 and serving as a fulcrum. Specifically, when moving
down, the restricting plate 51 enters the sheet conveyance
path P and becomes engageable against the restricting roller
52 to be described later. As a result, the sheet conveyance path
P is closed off. The restricting plate 51 includes a base plate
portion 511 and plate ribs 512 (first ribs) (see FIG. 7). The
base plate portion 511 is a plate-like member forming a main
body of the restricting plate 51 and extended in the sheet
conveyance direction. The plate ribs 512 are a plurality of ribs
projected downward from the base plate portion 511 and
extended in the sheet conveyance direction. The plate ribs 512
are provided like comb teeth at intervals in the widthwise
direction of the sheet intersecting with the direction of con-
veyance of the sheet (i.e., the loading direction of the cassette
110).

The interlocking unit 6 operates in conjunction with the
upward and downward movement of the lift plate 111 driven
by the after-mentioned drive motor 70 to move up and down
the restricting plate 51. Specifically, with the upward move-
ment of the lift plate 111, the interlocking unit 6 moves up the
restricting plate distal end 51B of the restricting plate 51 to
retreat from the sheet conveyance path P. Furthermore, with
the downward movement of the lift plate 111, the interlocking
unit 6 allows the restricting plate distal end 51B of the restrict-
ing plate 51 to enter the sheet conveyance path P and engage
against the restricting roller 52. Referring to FIG. 3, the
interlocking unit 6 is provided at a front portion of the left
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sidewall of the cassette 110. The interlocking unit 6 includes
a sector gear 61, a first transmission gear 62, a second trans-
mission gear 63, a biasing spring 64, a rotary piece 65, and a
transmission shaft 66. The interlocking unit 6 further includes
an unshown input gear rotatably mounted on an input gear
shaft 60 shown in FIG. 3.

The sector gear 61 is a member in the shape of a sector. The
sector gear 61 includes a fulcrum portion 610 and an arcuate
portion 611. The arcuate portion 611 is rotatable about the
fulcrum portion 610. The outer periphery of the arcuate por-
tion 611 is provided with gear teeth capable of meshing
engagement with the first transmission gear 62. Furthermore,
the sector gear 61 is connected across the sidewall of the
cassette 110 to the lift plate 111. Specifically, an unshown
lifting member is mounted on the bottom of the cassette 110.
The lifting member is connected across the sidewall of the
cassette 110 to the sector gar 61 and allows the back surface
of' the lift plate 111 to bear against it. Thus, with the rotation
of'the sector gear 61 about the fulcrum portion 610, the lifting
member moves up and down the lift plate 111.

The first transmission gear 62 is a gear which serves to
transmit a rotary drive force of the input gear to the arcuate
portion 611 of the sector gear 61. The second transmission
gear 63 is a gear which is meshed with the first transmission
gear 62 and serves to transmit the rotary drive force of the
drive motor 70 to the restricting plate 51. The biasing spring
64 serves to transmit the rotary force of the second transmis-
sion gear 63 to the rotary piece 65. The lower end of the
biasing spring 64 is anchored to a predetermined position of
a side surface ofthe second transmission gear 63. On the other
hand, then upper end of the biasing spring 64 is anchored to a
lower portion of the rotary piece 65. The rotary piece 65 is an
elliptic plate-like member disposed above the second trans-
mission gear 63. The rotary piece 65 is connected to the
transmission shaft 66. Furthermore, as described previously,
the upper end of the biasing spring 64 is anchored to the lower
end of the rotary piece 65. As a result, the rotation of the
second transmission gear 63 is converted to the pivotal move-
ment of the rotary piece 65. The transmission shaft 66 is a
shaft member extended in the right-and-left direction. The
left end of the transmission shaft 66 is connected to the upper
end of the rotary piece 65. The right end of the transmission
shaft 66 is connected to the restricting plate base end 51A of
the restricting plate 51. Thus, the pivotal movement of the
rotary piece 65 is converted to the pivotal movement of the
restricting plate 51 about the restricting plate base end 51A
(about the transmission shaft 66). In this manner, the restrict-
ing plate 51 pivotally moves about the transmission shaft 66
to enter or retreat from the sheet conveyance path P.

The drive motor 70 is mounted to the body housing 10. The
drive motor 70 includes an unshown reduction gear. The
reduction gear is meshed with the unshown input gear rotat-
ably mounted on the input gear shaft 60 shown in FIG. 3. The
rotary drive force of the drive motor 70 is transmitted from the
reduction gear through the input gear to the cassette 110. The
drive motor 70 generates a drive force allowing the lift plate
111 to move up and down. Furthermore, the drive force gen-
erated by the drive motor 70 is converted to upward and
downward movement of the restricting plate 51 by the inter-
locking unit 6. Although in FIG. 3 the drive motor 70 is
connected to the input gear shaft 60 for sake of simplicity, the
unshown reduction gear disposed on the drive motor 70 is in
reality meshed with the unshown input gear rotatably sup-
ported on the input gear shaft 60 as described above.

Next, a description will be given of the operation of the
cassette 110 according to this embodiment. FIG. 8 is a cross-
sectional view showing a state in which the restricting plate
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51 is mating with the restricting roller 52. Referring to FIGS.
1 and 2, after the cassette 110 is pulled out of the body housing
10, the user places sheets S in the sheet container 110S of the
cassette 110. In doing so, as shown in FIG. 2, the lift plate 111
is positioned in a lowermost position close to the bottom of
the cassette 110.

Meanwhile, in the restricting member 5, as shown in FIG.
4, the restricting plate distal end portion 51B of the restricting
plate 51 is positioned in the lower position to engage against
the restricting roller 52 (see FIG. 8). The plate ribs 512 of the
restricting plate 51 and roller ribs 522 of the restricting roller
52 are alternately arranged in the widthwise direction of the
sheet. Therefore, the sheet conveyance path P is closed off by
the mating of the plate ribs 512 with the roller ribs 522. The
position of mating of the plate ribs 512 with the roller ribs 522
in the sheet conveyance of direction (the front-to-rear direc-
tion) is located at a position overlapping the paper feed nip N
orupstream of the paper feed nip N. Thus, even if the cassette
110 is inserted hard into the body housing 10, it can be
prevented that some of the sheets S stacked in full load con-
dition in the sheet container 110S of the cassette 110 enter the
paper feed nip N. Particularly, since the restricting roller 52
opposed to the restricting plate 51 has a roller shape, a wedge-
shaped space is created upstream of the position of mating of
the plate ribs 512 with the roller ribs 522 in the sheet convey-
ance direction. Therefore, the leading ends of the sheets S are
restricted while entering the space, so that the leading ends
can be prevented from being damaged.

When the cassette 110 is loaded in the body housing 10, the
drive motor 70 is actuated by an unshown control section.
Thus, the first transmission gear 62 is rotated and then the
second transmission gear 63 is rotated in the direction of the
arrow D31 in FIG. 3. Concurrently, the sector gear 61 is
rotated about the fulcrum portion 610 (in the direction of the
arrow D32 in FIG. 3). As a result, the sector gear 61 is
positioned in a position shown in FIG. 6 and the lift plate 111
is moved up by the lifting member connected to the sector
gear 61. The drive motor 70 is operated until the uppermost of
the sheets S stacked in the sheet container 110S is pressed
against the peripheral surface of the pick-up roller 112.

Concurrently with the upward movement of the lift plate
111, the rotation of the second transmission gear 63 changes
the biasing direction of the biasing spring 64. Specifically, as
the second transmission gear 63 rotates, the biasing spring 64
anchored at the lower end to the side surface of the second
transmission gear 63 is moved from the position in FIG. 3 to
the position in FIG. 6. As a result, the transmission shaft 66
connected to the rotary piece 65 is rotated in the direction of
the arrow D33 in FIG. 3. This rotation of the transmission
shaft 66 is converted to the movement of the restricting plate
51 connected to the transmission shaft 66. Specifically, the
restricting plate distal end 51B of the restricting plate 51 is
pivotally moved up about the restricting plate base end 51A
connected to the transmission shaft 66 and serving as a ful-
crum. As a result, the restricting plate 51 is moved upward
away from the restricting roller 52, so that the sheet convey-
ance path P is opened. Therefore, the sheet S forwarded by the
pick-up roller 112 can enter the paper feed nip N without
being restricted by the restricting member 5.

When the sheet feeding of the pick-up roller 112 and the
paper feed roller 113 is terminated by the end of an image
forming operation of the image forming apparatus 1, some of
the sheets S may be nipped by the paper feed nip N and
stopped with their leading ends downstream in the sheet
conveyance direction projecting downstream beyond the
paper feed nip N. If the cassette 110 were pulled out of the
body housing 10 as it were, the sheets S might become stuck
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in the body housing 10. In contrast, in this embodiment, the
drive motor 70 is rotated reversely before the cassette 110 is
pulled out of the body housing 10, so that the lift plate 111 is
moved down. The interlocking unit 6 operates in conjunction
with the downward movement of the lift plate 111 to allow the
restricting plate 51 to engage against the restricting roller 52
again. At this time, the sheets S nipped by the paper feed nip
N are held between the restricting plate 51 and the restricting
roller 52. Thus, while the cassette 110 is pulled out of the body
housing 10, the restricting member 5 can pull out the sheet S
in a direction of pulling of the cassette 110 (a direction oppo-
site to the loading direction). In another embodiment, the
cassette 110 may be configured so that while the cassette 110
is pulled out of the body housing 10, the mating of the reduc-
tion gear of the drive motor 70 with the input gear is disen-
gaged and the lift plate 111 moves down under its own weight.

While the pick-up roller 112 and the paper feed roller 113
operate for sheet feeding, the retard roller 117 is rotated
following the rotation of the paper feed roller 113. On the
other hand, when the sheet feeding is terminated, the retard
roller 117 is driven into rotation reversely to the rotation
following the paper feed roller 113 by an unshown drive
device. Thus, the sheets S nipped by the paper feed nip N are
conveyed back to the sheet container 1105. Therefore, the
sticking of the sheet S in the body housing 10 can be further
prevented.

As thus far described, in the paper feeder according to the
one embodiment of the present disclosure, the cassette 11 is
capable of being loaded into and unloaded from the body
housing 10 (apparatus body) in the predetermined direction
and internally provided with the sheet container 1105 in
which sheets are to be contained. The sheet conveyance path
P is extended from the sheet container 1105 and the sheet can
be conveyed along the sheet conveyance path P in the sheet
conveyance direction which extends along the direction of
loading and unloading of the cassette 110. The paper feed
roller 113 is mounted to the cassette 110 at the entrance of the
sheet conveyance path P and configured to convey the sheet in
the sheet conveyance direction. The retard roller 117 (op-
posed member) is disposed opposite to the paper feed roller
113 and forms, together with the paper feed roller 113, the
paper feed nip N where the sheet S enters. The restricting
member 5 is configured to, in the first state where the cassette
110 is unloaded from the body housing 10 (apparatus body),
close off a portion of the sheet conveyance path P upstream of
the paper feed nip N in the sheet conveyance direction to
restrict the sheet in the sheet container 1105 from entering the
paper feed nip N and, in the second state where the cassette
110 is loaded in the body housing 10 and the paper feed roller
113 is ready to convey the sheet, open the sheet conveyance
path P to allow the sheet enter the paper feed nip.

With the above structure, the cassette 110 is capable of
being loaded into and unloaded from the body housing 10 in
the predetermined direction. When the cassette 110 is loaded
in the body housing 10, the sheet S contained in the sheet
container 1108 can be conveyed through the paper feed nip N
located between the paper feed roller 113 and the retard roller
117 in the sheet conveyance direction extending along the
direction of loading and unloading. If the cassette 110 is
loaded hard into the body housing 10, some of the sheet S
contained in the sheet container 110S may enter the paper
feed nip N. Even in this case, in the first state where the
cassette 110 is unloaded from the body housing 10, the
restricting member 5 closes off the portion of the sheet con-
veyance path P upstream of the paper feed nip N in the sheet
conveyance direction to restrict the sheet S contained in the
cassette 110 from entering the paper feed nip N. Furthermore,
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in the second state where the cassette 110 is loaded in the
body housing 10 and the paper feed roller 113 is ready to
convey the sheet S, the restricting member 5 opens the sheet
conveyance path P. Therefore, it can be prevented that before
the paper feed roller 113 conveys the sheet S, the sheet S inthe
sheet container 110S enters the paper feed nip N. Then, after
the restricting member 5 opens the sheet conveyance path P,
the sheet S is stably conveyed by the paper feed roller 113.

Inthe paper feeder according to the one embodiment of the
present disclosure, the restricting member 5 includes: a
restricting plate 51 (first member) disposed above the sheet
conveyance path P; and a restricting roller 52 (second mem-
ber) disposed below the sheet conveyance path P and across
the sheet conveyance path P from the restricting plate 51.
Furthermore, when one or both of the restricting plate 51 and
the restricting roller 52 are moved to enter the sheet convey-
ance path P, the sheet conveyance path P is closed off.

With the above structure, the restricting plate 51 and the
restricting roller 52 are arranged to interpose the sheet con-
veyance path P therebetween. Furthermore, when the restrict-
ing plate 51 is moved to enter the sheet conveyance path P, the
sheet conveyance path P is closed off. As a result, the sheet
conveyance path P is surely closed off by the restricting plate
51 and the restricting roller 52.

Inthe paper feeder according to the one embodiment of the
present disclosure, the restricting plate 51 (first member)
includes a plurality of plate ribs 512 (first ribs) projected
toward the sheet conveyance path P and arranged like comb
teeth at intervals in the widthwise direction of the sheet inter-
secting with the sheet conveyance direction. The restricting
roller 52 (second member) includes a plurality of roller ribs
522 (second ribs) projected toward the sheet conveyance path
P and arranged like comb teeth at intervals in the widthwise
direction of the sheet. At least one of the roller ribs 522 is
positioned between each adjacent two of the plate ribs 512 in
the first state.

Inthe above structure, with the movement of the restricting
plate 51, the plurality of plate ribs 512 mate with the plurality
ofroller ribs 522 to surely close off the sheet conveyance path
P.

Inthe paper feeder according to the one embodiment of the
present disclosure, the restricting plate 51 (first member)
further includes a base plate portion 511 extended in the sheet
conveyance direction. Furthermore, the plurality of plate ribs
512 (first ribs) are projected from the base plate portion 511.
The restricting roller 52 (second member) further includes a
shaft portion extended in the widthwise direction of the sheet
and a roller portion 521 disposed around the shaft portion.
Furthermore, the plurality of roller ribs 522 (second ribs) are
projected from the outer peripheral surface of the roller por-
tion 521 and extended along the circumferential direction
thereof.

With the above structure, the plurality of plate ribs 512 are
projected from the base plate portion 511 of the restricting
plate 51. Furthermore, the plurality of roller ribs 522 are
projected from the outer peripheral surface of the roller por-
tion 521 of the restricting roller 52 along the circumferential
direction thereof. Therefore, when the plate ribs 512 mate
with the roller ribs 522, a wedge-shaped space is created
between the base plate portion 511 and the outer peripheral
surface of the roller portion 521 in cross-sectional view inter-
secting with the widthwise direction of the sheet. Thus, the
wedge-shaped space blocks the leading ends of the sheets S
from entering the paper feed nip N. At this time, the leading
ends of the sheets S can be prevented from being folded.

Inthe paper feeder according to the one embodiment of the
present disclosure, the plate ribs 512 (first ribs) and the roller
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ribs 522 (second ribs) mate with each other in the first state
where the cassette 110 is unloaded from the body housing 10
(apparatus body). In addition, the position of mating of the
plate ribs 512 with the roller ribs 522 is located at a position
partially overlapping the paper feed nip N or upstream of the
paper feed nip N in the sheet conveyance direction.

With the above structure, even if the cassette 110 is inserted
hard into the body housing 10, it can be prevented that some
of the sheets S stacked in full load condition in the sheet
container 110S of'the cassette 110 enter the paper feed nip N.

The paper feeder according to the one embodiment of the
present disclosure includes: a lift plate 111 disposed on the
bottom part of the cassette 110 so as to be movable up and
down and move an end of the sheet in the sheet container
1108, downstream in the sheet conveyance direction, toward
the paper feed roller 113; a drive motor 70 (drive device)
configured to generate a drive force allowing the lift plate 111
to move up and down; and an interlocking unit 6 configured to
operate in conjunction with the upward and downward move-
ment of the lift plate 111 driven by the drive motor 70 to allow
the restricting plate 51 (first member) or the restricting roller
52 (second member) to enter and retreat from the sheet con-
veyance path P.

With the above structure, the interlocking unit 6 allows the
restricting plate 51 to move in conjunction with the upward
and downward movement of the lift plate 111.

In the paper feeder according to the one embodiment of the
present disclosure, the interlocking unit 6 includes a trans-
mission shaft 66 connected to the base end 51 A of the restrict-
ing plate 51 (first member) and is configured to rotate the
transmission shaft 66 in conjunction with the upward and
downward movement of the lift plate 111 driven by the drive
motor 70 (drive device) to allow the restricting plate 51 to
pivotally move about the transmission shaft 66 and thereby
enter and retreat from the sheet conveyance path P.

With the above structure, by rotating the transmission shaft
66 in conjunction with the upward and downward movement
of'the lift plate 111, the restricting plate 51 can be allowed to
enter and retreat from the sheet conveyance path P.

In the paper feeder according to the one embodiment of the
present disclosure, the interlocking unit 6 is configured to,
with the upward movement of the lift plate 111, allow the
restricting plate 51 (first member) or the restricting roller 52
(second member) to retreat from the sheet conveyance path P
and, with the downward movement of the lift plate 111, allow
the restricting plate 51 or the restricting roller 52 to enter the
sheet conveyance path P.

With the above structure, when the lift plate 111 moves
down so that no further sheet S is fed, the sheet conveyance
path P is closed off by the restricting plate 51 and the restrict-
ing roller 52. On the other hand, when the lift plate 111 moves
up so that the sheet S can be fed, the sheet conveyance path P
is opened.

In the paper feeder according to the one embodiment of the
present disclosure, the retard roller 117 (opposed member) is
disposed opposite to the paper feed roller 113 to prevent a
plurality of sheets S from being conveyed by the paper feed
roller 113.

With the above structure, since the retard roller 117 is
opposed to the paper feed roller 113, this prevents a plurality
of sheets S from being conveyed at a time by the paper feed
roller 113.

In the paper feeder according to the one embodiment of the
present disclosure, after the end of the sheet feed operation in
which the paper feed roller 113 conveys the sheet, the retard
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roller 117 (opposed member) is driven into rotation reversely
to the rotation following the rotation of the paper feed roller
113.

With the above structure, even if the sheet feed operation of
the paper feed roller 113 is terminated as a plurality of sheets
S enter the paper feed nip N, the sheets S nipped by the paper
feed nip N can be conveyed back to the sheet container 110S
by the reverse rotation of the retard roller 117 (opposed mem-
ber). Therefore, it can be prevented that when the cassette 110
is pulled out of the body housing 10 after the sheet feed
operation, the sheets S become stuck in the body housing 10.

Inthe paper feeder according to the one embodiment of the
present disclosure, the retard roller 117 (opposed member) is
a roller which is disposed opposite to the paper feed roller
113, includes a retard roller shaft 117A (first shaft), and is
rotatable about the retard roller shaft 117A. The shaft portion
of'the restricting roller 52 (second member) is the retard roller
shaft 117A of the retard roller 117 (opposed member).

With the above structure, space saving can be achieved in
terms of the placement of the restricting roller 52 and the
paper feeder 20 can be reduced in cost. In the case where the
roller portion 521 is rotatably supported on the retard roller
shaft 117A, the resistance of the sheet to conveyance can be
reduced.

Inthe paper feeder according to the one embodiment of the
present disclosure, the paper feed roller 113 includes a paper
feed roller shaft 113A (second shaft) and is configured to
rotate about the paper feed roller shaft 113A. Furthermore,
the restricting plate 51 (first member) is disposed in a space
between the retard roller shaft 117 A (first shaft) and the paper
feed roller shaft 113 A (second shaft) and configured so that
when the restricting plate 51 is moved to enter the sheet
conveyance path P, the sheet conveyance path P is closed off.

With the above structure, the restricting plate 51 can be
disposed using the space between the retard roller shaft 117A
and the paper feed roller shaft 113A.

Inthe paper feeder according to the one embodiment of the
present disclosure, the plate ribs 512 (first ribs) and the roller
ribs 522 (second ribs) are formed along the sheet conveyance
direction.

With the above structure, the plate ribs 512 and the roller
ribs 522 can facilitate the conveyance of the sheet in the sheet
conveyance direction.

The image forming apparatus according to the one embodi-
ment of the present disclosure includes: the aforementioned
paper feeder; a body housing 10 (apparatus body) capable of
loading the cassette 110 therein; and an image forming sec-
tion 30 disposed in the body housing 10 and configured to
form an image on the sheet conveyed by the paper feed roller
113.

With the above structure, it can be prevented that before the
paper feed roller 113 conveys the sheet, the sheet in the sheet
container 110S enters the paper feed nip N. Then, after the
restricting member 5 opens the sheet conveyance path P, the
sheet is stably conveyed by the paper feed roller 113. This
enables stable feeding of the sheet toward the image forming
section 30. In addition, even if the cassette 110 is loaded hard
into the body housing 10, it can be prevented that the sheet
rushes into the paper feed nip N and its leading end is thus
damaged.

A technique is known in which the movement of sheets in
the apparatus body is restricted by an interlocking mechanism
disposed across the sheet cassette and the apparatus body.
However, if a plurality of members constituting the interlock-
ing mechanism are arranged between the apparatus body and
the sheet cassette, the occurrence of failure of connection



US 9,309,070 B2

13

between the members may interfere with the accurate restric-
tion of movement of the sheet.

The above paper feeder and the image forming apparatus
according to the one embodiment of the present disclosure
can accurately restrict the movement of the sheet and can
prevent the sheet from entering the paper feed nip upon load-
ing of the sheet cassette into the apparatus body.

Although the cassette 110 and the image forming apparatus
1 with the same according to the embodiment of the present
disclosure have thus far been described, the present disclo-
sure is not limited to the above embodiment and can take, for
example, the following modified embodiments.

(1) Although the above embodiment has described an
aspect in which the restricting plate 51 is moved down to close
off the sheet conveyance path P, the present disclosure is not
limited to this. Both of the restricting plate 51 and the restrict-
ing roller 52 may be moved to enter the sheet conveyance path
P or the restricting roller 52 may be moved up. Alternatively,
aplate-like member similar to the restricting plate 51 may be
disposed instead of the restricting roller 52. Still alternatively,
a roller member similar to the restricting roller 52 may be
disposed instead of the restricting plate 51.

(2) Although the above embodiment has described an
aspect in which the restricting plate 51 is moved by the
interlocking unit 6, the present disclosure is not limited to
this. The restricting plate 51 may be moved by anindependent
drive device, such as an electromagnetic solenoid. Further-
more, the restricting plate 51 or the restricting roller 52 is not
limited to that configured to be moved in conjunction with the
upward and downward movement of the cassette 110. For
example, a predetermined time after the cassette 110 is loaded
into the body housing 10, the restricting member 5 may open
the sheet conveyance path P.

Various modifications and alterations of this disclosure
will be apparent to those skilled in the art without departing
from the scope and spirit of this disclosure, and it should be
understood that this disclosure is not limited to the illustrative
embodiments set forth herein.

What is claimed is:

1. A paper feeder comprising:

a cassette capable of being loaded into and unloaded from
an apparatus body in a predetermined direction, the cas-
sette being provided internally with a sheet container in
which sheets are to be contained;

a sheet conveyance path which is extended from the sheet
container and along which the sheet is to be conveyed in
a sheet conveyance direction, the sheet conveyance
direction extending along a direction of loading and
unloading of the cassette;

apaper feed roller mounted to the cassette at an entrance of
the sheet conveyance path and configured to convey the
sheet in the sheet conveyance direction;

an opposed member disposed opposite to the paper feed
roller and forming, together with the paper feed roller, a
paper feed nip where the sheet enters; and,

a restricting member including a first member disposed
above the sheet conveyance path and a second member
disposed below the sheet conveyance path and across the
sheet conveyance path from the first member, wherein
the restricting member configured to, in a first state
where the cassette is unloaded from the apparatus body,
when one or both of the first member and the second
member are moved to enter the sheet conveyance path,
close off a portion of the sheet conveyance path
upstream of the paper feed nip in the sheet conveyance
direction to restrict the sheet in the sheet container from
entering the paper feed nip upon loading of the cassette
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into the apparatus body and, in a second state where the
cassette has been loaded in the apparatus body and the
paper feed roller is capable of conveying the sheet, open
the sheet conveyance path to allow the sheet enter the
paper feed nip.

2. The paper feeder according to claim 1, wherein

the first member includes a plurality of first ribs projected
toward the sheet conveyance path and arranged like
comb teeth at intervals in a sheet widthwise direction of
intersecting with the sheet conveyance direction, and

the second member includes a plurality of second ribs
projected toward the sheet conveyance path and
arranged like comb teeth at intervals in the widthwise
direction of the sheet, with at least one of the second ribs
positioned between each adjacent two of the first ribs in
the first state.

3. The paper feeder according to claim 2, wherein

the first member further includes a base plate portion
extended in the sheet conveyance direction, with the
plurality of first ribs projected from the base plate por-
tion, and

the second member further includes a shaft portion
extended in the widthwise direction of the sheet and a
roller portion disposed around the shaft portion, with the
plurality of second ribs projected from an outer periph-
eral surface of the roller portion and extended along a
circumferential direction of the roller portion.

4. The paper feeder according to claim 2, wherein

the first ribs and the second ribs mate with each other in the
first state, and

the position of mating of the first ribs with the second ribs
is located at a position partially overlapping the paper
feed nip or upstream of the paper feed nip in the sheet
conveyance direction.

5. The paper feeder according to claim 3, wherein

the opposed member is a retard roller which is disposed
opposite to the paper feed roller, includes a first shaft,
and is rotatable about the first shaft, and

the shaft portion of the second member is the first shaft of
the retard roller.

6. The paper feeder according to claim 3, wherein the first
ribs and the second ribs are formed along the sheet convey-
ance direction.

7. The paper feeder according to claim 1, further compris-
ing:

a lift plate disposed on a bottom part of the cassette so as to
be movable up and down and move an end of the sheet in
the sheet container, downstream in the sheet conveyance
direction, toward the paper feed roller;

adrive device configured to generate a drive force allowing
the lift plate to move up and down; and

an interlocking unit configured to operate in conjunction
with upward and downward movement of the lift plate
driven by the drive device to allow the first member or
the second member to enter and retreat from the sheet
conveyance path.

8. The paper feeder according to claim 7, wherein the
interlocking unit includes a transmission shaft connected to a
base end of the first member and is configured to rotate the
transmission shaft in conjunction with the upward and down-
ward movement of the lift plate driven by the drive device to
allow the first member to pivotally move about the transmis-
sion shaft and thereby enter and retreat from the sheet con-
veyance path.

9. The paper feeder according to claim 7, wherein the
interlocking unit is configured to, with the upward movement
of'the lift plate, allow the first member or the second member
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to retreat from the sheet conveyance path and, with the down-
ward movement of the lift plate, allow the first member or the
second member to enter the sheet conveyance path.

10. The paper feeder according to claim 9, wherein after a
sheet feed operation in which the paper feed roller conveys
the sheet, the retard roller is driven into rotation reversely to
the rotation following the rotation of the paper feed roller.

11. The paper feeder according to claim 10, wherein

the paper feed roller includes a second shaft and is config-
ured to rotate about the second shaft, and

the first member is disposed in a space between the first
shaft and the second shaft and configured so that when
the first member is moved to enter the sheet conveyance
path, the sheet conveyance path is closed off.

12. The paper feeder according to claim 1, wherein the
opposed member is a retard roller disposed opposite to the
paper feed roller to prevent a plurality of sheets from being
conveyed by the paper feed roller.

13. Animage forming apparatus comprising a paper feeder,
an apparatus body, and an image forming section, wherein

the paper feeder includes:

a cassette capable of being loaded into and unloaded from
the apparatus body in a predetermined direction, the
cassette being provided internally with a sheet container
in which sheets are to be contained;

a sheet conveyance path which is extended from the sheet
container and along which the sheet is to be conveyed in
a sheet conveyance direction which is a same direction
with a direction ofloading and unloading of the cassette;

5

10

15

20

25

16

apaper feed roller mounted to the cassette at an entrance of
the sheet conveyance path and configured to convey the
sheet in the sheet conveyance direction;

an opposed member disposed opposite to the paper feed
roller and forming, together with the paper feed roller, a
paper feed nip where the sheet enters; and

a restricting member including a first member disposed
above the sheet conveyance path and a second member
disposed below the sheet conveyance path and across the
sheet conveyance path from the first member, wherein
the restricting member configured to, in a first state
where the cassette is unloaded from the apparatus body,
when one or both of the first member and the second
member are moved to enter the sheet conveyance path,
close off a portion of the sheet conveyance path
upstream of the paper feed nip in the sheet conveyance
direction to restrict the sheet in the sheet container from
entering the paper feed nip upon loading of the cassette
into the apparatus body and, in a second state where the
cassette has been loaded in the apparatus body and the
paper feed roller is capable of conveying the sheet, open
the sheet conveyance path to allow the sheet enter the
paper feed nip; and,

the apparatus body is capable of loading the cassette
therein, and

the image forming section is disposed in the apparatus
body and configured to form an image on the sheet
conveyed by the paper feed roller.
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